BALL SCREW 



BACKGROUND OF THE INVENTION 
The present invention relates to a ball screw. More 
5 particularly, the invention relates to a ball screw which 
is little subject to deterioration of operating 
characteristics and occurrence of wear, torque change, 
noise, vibration, etc. due to stagnation or competition of 
balls . 

10 A ball screw comprises a screw shaft and a nut. An 

outer surface of the screw shaft and an inner surface of 
the nut are provided with the respective helical thread 
grooves corresponding to and confronting with each other. 
The helical space formed between the two thread grooves, 

15 i.e., ball rolling path is filled with a number of balls 
while allowing the balls to rotate. In this arrangement, 
the screw shaft and the nut make a relative helical 
movement with the rolling^ of these balls to make a 
relative movement in the axial direction. 

20 Such a ball screw has a gap formed between the 

adjacent balls. As the balls roll, the total of all the 
gaps in one circuit varies with every movement of one ball. 

In particular, a ball screw for use in injection 
molding machine or the like, i.e., ball screw comprising 

25 balls having a diameter relatively greater than the 
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diameter of the shaft and hence having a relatively great 
scooping angle tends to have a great variation of the 
total of gaps (value obtained by totaling the gaps between 
. the balls over the entire ball screw). 
5 Thus, a ball screw which varies greatly in the total 

of gaps between balls is subject to deterioration of 
operating characteristics and occurrence of wear, torque 
change, noise (noise of ball slipping), vibration, etc. 
during the rolling of balls (during the operation of ball 
10 screw) due to stagnation or competition of balls to 
disadvantage. 

SUMMARY OF THE INVENTION 
It is therefore an object of the invention to 
15 provide a ball screw which is little subject to 
deterioration of operating characteristics and occurrence 
of wear, torque change, noise, vibration, etc. during 
operation due to stagnation or competition of balls. 

The foregoing object of the invention will become 
20 apparent from the following detailed description and 
examples . 

The foregoing object of the invention can be 
accomplished with the following constitution. A ball 
screw, according to the present invention, comprises a 
25 screw shaft, a nut and a number of balls. The screw shaft 
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has a helical thread groove formed on the outer surface 
thereof. The nut has a thread groove formed on the inner 
surface thereof corresponding to the thread groove on the 
screw shaft which engages with the screw shaft with the 
5 interposition of the balls rollably provided in a helical 
ball rolling path formed between the two thread grooves. 
In the ball screw, the variation of the total of the gaps 
between the balls during the rolling of the balls is 
smaller than 1/20 of the diameter of the ball. 

10 In this arrangement, the ball screw is little 

subject to deterioration of operating characteristics and 
occurrence of wear, torque change, noise, vibration, etc. 
during operation due to stagnation or competition of balls. 
The ball screw is also little subject to wear or damage on 

15 the constituent members such as ball. 

The invention can be applied also to a ball screw 
comprising a spacer for retaining a ball provided 
interposed between balls. In this case, the variation of 
the total of the gap between the spacers and the balls 

20 during the rolling of the balls is predetermined to be 
smaller than 1/20 of the diameter of the ball. 

Such a ball screw can exert an effect of preventing 
the spacer from falling down in the ball rolling path or 
an effect of preventing the spacer from being damaged 

25 besides the foregoing effect. 
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BRIEF DESCRIPTION OF THE DRAWING 
By way of example and to make the description more 
clear, reference is made to the accompanying drawing in 
5 which: 

Fig. 1 is a sectional view illustrating an 
embodiment of the ball screw according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

10 An embodiment of the ball screw according to the 

invention will be described hereinafter in connection with 
the sectional view of Fig. 1. 

A ball screw 1 comprises a screw shaft 2, a 
cylindrical nut 3, and a number of balls 4. The screw 

15 shaft 2 has a helical thread groove 2a having an arc 
section formed on the outer surface thereof. The 
cylindrical nut 3 has a helical thread groove 3a having an 
arc section corresponding to the thread groove 2a on the 
screw shaft 2 formed on the inner surface thereof which 

20 engages with the screw shaft 2. The number of balls 4 
which are rollably provided in a helical ball rolling path 
6 having a substantially circular section formed between 
the thread groove 2a on the screw shaft 2 and the thread 
groove 3a on the nut 3. 

25 The nut 3 comprises a U-shaped ball circulating path 
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7 through which the balls 4 circulate from the ball 
rolling path 6 to the ball rolling path 6. In some detail, 
the balls which are rolling and moving through the ball 
rolling path 6 until they revolve round the screw shaft 2 
5 along the thread groove 2a by a plurality of turns, and 
then taken up by the ball circulating path 7 at one end 
thereof from which they move, through the ball circulating 
path 7 back to the ball rolling path 6 at the other* This 
operation is then repeated. 

10 The nut 3 which engages with the screw shaft 2 with 

the interposition of the balls 4 and the screw shaft 2 
make a relative helical movement with the rolling of the 
balls 4 to make a relative movement in the axial direction. 
The sectional shape of the thread grooves 2a and 3a 

15 may be a Gothic arch, i.e., substantially V formed by 
combining two arches having different centers of curvature. 

The balls 4 which are rolling and moving through the 
ball rolling path 6 and the ball circulating path 7 have a 
gap C formed therebetween, as shown in Fig. 1. The total 

20 of the gaps C varies with the rolling of the balls 4. The 
variation of the total of the gaps C occurs due to the 
change of the number of the balls 4 present in the 
respective sections of path. 

The variation of the total of the gaps C can be 

25 adjusted by designed value of the height h of the ball 
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circulating path 7 from the center of the screw shaft 2, 
the scooping angle y of the ball 4 and the radius R of 
curvature of the bent portion of the ball circulating path 
7 (see Fig. 1) - The adjustment of the variation of the 
5 ^ total of the gaps C can be accomplished by predetermining 
the inner diameter of the ball circulating path 7 so that 
the balls 4 are arranged with a staggered manner in the 
ball circulating path 7. 

The invention will be further described in the 
10 following examples, but the invention should not be 
construed as being limited thereto. 

The ball screw 1 was evaluated for the variation of 
the total of gaps C between the balls 4 in a row of 
circuit (Balls were arranged geometrically in a row of 
15 circuit on a computer. The total of gaps C was then 
calculated. The arrangement of these balls was then 
changed. The total of gaps C was then calculated. This 
operation was repeated to determine the variation of the 
total of gaps C). The results of evaluation on the ball 
20 screw 1 was then compared with that of a conventional ball 
screw. 

The various dimensions and the variation of the 
total of gaps C of Example (ball screw 1) and the 
conventional ball screw are shown in Fig. 1. 

25 



6 



Table 1 





Example 


Conventional 


h (mm) 


93.9 


94.9 


Y (°) 


30 


36 


R (mm) 


40.9 


35:9 


Variation of total 
gap (mm) 


0.32 


1.17 



The ball screw of Example and the conventional ball 
screw are the same in dimensions other than h, y and R as 
5 follows: 

* Diameter of screw shaft: 120 mm 

* Ball center diameter (BCD): 123 mm 

* Lead: 20 mm 

* Diameter of ball: 15.875 mm (5/8 inch.) 
10 * Number of circuits: 2.5 turns x 4 rows 

As can be seen in Table 1, the ball screw 1 of 

Example, h, Y an d R of which are designed as set forth in 
Table 1, showed a variation of total gap as small as 0.32 
mm, which is smaller than 1/20 of the diameter of ball 

15 (approx. 0.79 mm) . As a result, the ball screw 1 of 
Example was little subject to deterioration of operating 
characteristics and occurrence of wear, torque change, 
noise, vibration, etc. during operation due to stagnation 
or competition of balls. 

20 On the contrary, the conventional ball screw showed 

a variation of total gap as great as 1.17 mm and thus was 



7 



subject to deterioration of operating characteristics and 
occurrence of wear, torque change, noise, vibration, etc. 
during operation due to stagnation or competition of balls. 
The present embodiment merely illustrates an example 
5 of the invention and doesn't restrict the invention. 

For example, the various dimensions of the ball 
screw 1 and the shape of the ball circulating path 7 may 
be properly modified so far as the object of the invention 
cannot be impaired (For example, in order to adjust the 

10 variation of the total of gaps C, the inner diameter of 
the ball circulating path 7 may be predetermined to be 
greater, than the diameter of the ball 4 so that the balls 
4 are arranged with a staggered manner in the ball 
circulating path 7). The ball circulating system is not 

15 limited to the return tube system as used in the present 
embodiment but may be an end cap isystem, a circulating top 
system, a guide plate system or the like. Further, the 
invention can be applied to a ball screw comprising a 
spacer for retaining a ball provided interposed between 

20 the balls. 

As mentioned above, the ball screw according to the 
invention is little subject to deterioration of operating 
characteristics and occurrence of wear, torque change, 
noise, vibration, etc. during operation due to stagnation 

25 or competition of balls. 
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While the invention has been described in detail and 
with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes 
and modifications can be made therein without departing 
from the spirit and scope thereof. 
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